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CHANGES IN RIPARIAN VEGETATION ALONG THIE COLORADO
RIVER AND RIO GRANDIS. COLORADO

Warren D. Sn'\‘(]m'] and Gany C. Miller”

ABSTRACT — Chianges in vegetation including arca oceupied. canopy coverand matunity elass of cottonwoods In}m/u\
Spp.’\\‘ithin lowerc IC\A[I()]] zones ol the Colorade River and Rio Grande in Colorado were monitored over 23- and 37 Svear
intervals, respectively. nsing photo-interpretative methods. Estimated loss of cottonwoads along the Colorado River was
2 hakm (- 17

1.6 havkm (9.3% ) with minor canopy cover and maturity class changes. Area ocenpied by shimbs and river channel changed

%), and remaining stands had become more open and older. Cottonwoods along the Rio Grande inercased

little along the Colorado River. hut declined aloug the Rio Grande, Loss of hay meadow ocenrred along both rivers.whercas
developed fand increased along the Colorado River and farmband inercased along the Rio Grande. Wildlite habitats along
the Colorado deteriorated mnch more rapidhy than those along the Rio Grande diving monitored intervals.

Keyy words: riparian. Colorado. inventory. cottonwood. Popunlus spp . wildlife habitat

Riverine svstems in the Great Basin and  Melton et al. 1950, Awareness of these valnes
southwestern United States are important hab- has inereased in recent vears alongwith concern
itats for resident and migratory wildlife (Ander-— lor inereasing activities in. and degradation of-
son and Ohmart 1950, Hnnter et al. 19830, Two  these eritical wildlife zones (Windell 1950
major river systems (Colorado and Rio Grande) These habitats are of special concern in moun-
in .tll(’ S(mt]']\\'(‘stcm United States originate tainous arcas becanse vallevs are h"‘]“‘ “t]\
within Colorado. While substantial work has ~ narrow and centers of Toman activity.
been conducted to identify wildlife use and to Before attempting to manage riparian vegeta-
manage riparian habitats in lower reaches of  tion for \\1:I(Hif(>_ itis LGRS to .]‘."”'” “']“'tl"'"'
fliese river svstems (Stevens et al, 1977. Ander- these habitats are declining in ability to sustain
et 1978, Anderson and Ohmart 1980, species richmess and abindance. 'l‘]l‘]'.\ paper
1953, Swenson and Mullins 19950, little infor.  assesses recent changes and status of riparian

o . . e R vegetation along the Rio Grande and Colorado
mation has been publishied from studies con- s = o S

5 . River in sonthern and western Colorado.
ducted near the headwaters of these rivers.

The  cottonwood-willow (_[’n})ulux—Su/i_\'}
riparian - ecosystemn along - Colorado’s  major STUDY \REA
rivers has the In(fhost wildlife species richness
b (IPIISIE_\ m the stteterdlcui s itz Lower-clevation zones of the Rio Grande
gerald 1975, Hoover and Wills ]‘L)S‘I‘\) andis nsed and Colorado River in Colorado were selected
])}' 283 sl)cci('s of vertebrate wildlife. Ttowever, for study (Fig. 1. Table 10, Tilre Gl dRit e 7
most studies have centered on the Soutl Platte 1 is tribntaries drain abont 16,196 ke of
River in northeastern Colorado (Granl and  ostem Colorado (Usland et al. 1994, Vol 2
Bissell 1979). Wildlile values of riparian habitats 11,6 Colorado River is confined to relativel
along streams and rivers in the mommtainons  arrow vallevs nntil it is joined by the Cunnison
western two-thirds of Colorado have received  River near Grand Junction where the valles
little stn(l_\'. Among ecosvstems i momntainouns  broadens w ith rednced  stream gradient. I
areas. cottonwood-willow riverbottoms nsually — leaves the state with lows approvimate v T3%
possess high values for resident and migratory greater than at the npstream end ol the stuch
wildlife (Schrpp 1975, Thomas et al. 1979, arca( Table 1.

1 o . . .
S Loloradn Division of Wildlife. 306 Cottonwood Tane Sterhing Colorado S0751
“Colorado Dwvision of Wildhie 317 W Prospect Road Fort Collins. Colorado S0526
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Fig. 1. Colorado River and Rio Grande with inventoried portions (—) and segments ( I in western and south central

Colorado,

TasLe 1 Characteristics of variables measured along the The Rio Grande  drains ill)l)l‘(“ilﬂilt(?]_\'
Colorado River and Rio Grande, Colorado. 19.194 l\'m:, of which 7612 km?is within a closed
N Colorada lh;m o [;;‘m;]; ~ basin in south central Colorado (Ugland et al.

: — 1984, Vol I). River flow originates primarily in

Ts unp]m'.{inl(‘n'z\L}T.\“") 25.0 36.5 the San Juan Range with lesser awmounts from

l" "“l""‘ ‘;‘”‘;lll"“‘f ki ]‘31-3 11(7)4 the Sangre de (fljstn Range. The river enters the

ple it S7.0 1639 western part of the San Luis \';1”0)’, a high-

Sampling mtensity. % 20 elevation (2286-243S m) park, and travels

Elevation m ) through farmed areas for approximately 100 km

Lli)\[ ;' J,r llt.'j(,) 57‘:‘ (where most stream flows are used for irrigation

X daiby strean: ow, s B . [Table 1]) before entering a canvon that extends
npper 100.5 2583 into New Mexico.

lower 175.5 7.0

Harrington (1954) noted  that narrowleaf
R hlpliots S Grade o st s cottomvoads (P angustifolia) dominate along
R ol the Rio Grande and upper portions of the Col-
orado River, whereas lanceleaf cottonwoods
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(P acuminata) ocenr sparsely over a slightly
broader clevation range. Rio Grande cotton-
woods (P wislizeni) dominate at lower eleva-
tions along the Colorado River. Willows are the
primary shrubs along the Rio (,mn(l('unduppm‘
portion of the Colorado River giving wav to
tamarisk (Tamariv gallica) at ]0\\01 (10\11t10ns
along the Jatter il)Lmt names tollow Harrington
[1954]).

METHODS

:\ppmxinu\tcl)' 167 ki of the Colorado River

and 117 ki of the Rio Grande were selected for
study. and respectively stratified into four and
three segments (strata) based on cmpirical
assessments of vegetation (area occupied by cot-
tomvoods. plot width, ete.: Fig. 1). Segments
(mumbered from upstream to downstream: Fig,
1) were nsed to distribute random swmnple units
(linear 1.61-kim river tracts) more nniformly
along the rivers. Tiventy sample units were dis-
tributed along the Rio Grande, whereas the
Colorado River study area contained 21. An
electronic planimeter. positioned at mid-chan-
nel on US. Geological Survey topographic
maps, was used to delineate ‘the randomly
selected 1.61-km (viver mile) sample units.
Width of sample units varied and was based on
flood plain width, primarily encompassing nat-
ural riparian \("R‘tdh()n readilv discermed on
acrial photos  (some dd]dunt cropland and
grassland were included).

The earliest (scale 1:20.000) and most recent
(scale 1:40.000) acrial photos available (U.S.
Departiment of Agriculture) were acquired for
cach sample mit to vield changes over time.
The same area was inventoried within each
sanple unit during both carlv and recent inter-

vals to assess clmngcs. Eariest aerial photos

were from 1941 and the most recent photos
were from 1973 through 1983 for the Rio
Grande. Those for the Colorado River were
from 1951-57 (early) and 1950 (recent).

Interpretative analvses of aerial photos were
contracted to the Colorado State Forest Service.
Vegetation tvpes, inclnding trees (primarily cot-
tonwoods), shrmbs (tamarisk [Colorado River]
and willow), hay mmeadows, grasslands, agrienl-
ture fnm]am . developed (roads. towns, ete.),
river, 5tandmg water, and mvegetated (sand-
bars) were delineated on acetate overlays using
a stereoscope. River and mnvegetated were
combined as river channel. Minor vegetation
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tvpes (<1% of total area) were omitted. The arca
pervegetation type was recorded to 0.1 hausing
an electronic pi;minwtm‘. On-site inspections
were conducted within several plots along hoth
rivers to verify that photo interpretation was
accuratehasse S\]ll“‘(()tl()ll\\()()(l stand maturity,
Canopy cover, dn(l\('ﬂct(ltmn t\p( s. Photointer-
pretation acenracy dppx()\mmt('(l 95%.

Maturity classes (tmnk diameter) were esti-
niated from tree crown size nsing photo inter-
pretation. The  relationship  between  trunk
diameter and tree crown size was based on
previous sampling of cottonwoods along the
South Platte Riverin Morgan Comnty, Colorado
(Getter 1977). A close r(‘izlti(mship (i = Sl
between tree crown size and trunk diameter at
breast height (dm dbliwas indicated. TTowever,
data relating dbli to tree age were lacking, as
merement l)m‘imf to estimate age of cotton-
woods did not \1(>](1 satisfactory age data. Matu-
rity classes included stands dominated by trees
<1.5.1.54.0,4.1-7.6, and > 7.6 dm dbh. Stands
of trees were classified by canopy cover as open
\l()—3) ), intermediate (36-35%), and closed

>55%).

C h;m(fvs in stands of cottonwoods from early
to recent photos were analvzed nsing paire «l
{ tests appl()plmtv for stratified (seament) samn-
pl( s based on the ll'\ l)()tll( sis that mean change
was zero. hiitial tests included analvses of indi-
vidual maturitv/canopy-cover classes: however,
sample sizes were inadequate to vield meaning-
ful results. Theretore, maturitv-class data for
pooled canopy cover classes and canopy-cover
data for pooled maturity classes ave presented.
In addition, carly to recent changes were pre-
sented, where canopy  cover and  maturity
classes were partitioned. Changes for other
cover types were analvzed using paired # tests:
ANOVA was used to detect differences dmuntr
segments. Mean comparisons were considered
sienificant at P < .05,

RESULTS

Colorado River

Estimated loss of cottomvood stands along
the Colorado River was 1.9 hawkm sample nnit
(17.5%: Table 2). Losses in the upper segment
(Fig. 1), where cottonwoods initiallv averaged
onlv 2.2 hwkm, were >90% Table 31 Arca
()(U]])l((l Iy (()tton\m()(lx was highest in seg-
ment 2 where the v declined 44 hakm. Within

dovwnstream segments. cottonwoods averaged
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T2, Arca ocenpicd i ki by vegetation/lind-use ty pe diving carly and recent intervals along the Colorado River

and Rio Grande. Colorado.

Colorado River

Early Recent
Type X SE X D
Cottonwootls 11.2 2.1 9.2 1.7
Shrnbs 9.5 1.5 10.1 2.1
T Meadow 14.7 29 11.2 3.1
Grassland 3.1 0.5 41 1.0
\aricnlture 515) 1.6 5.1 2.8
Developed 0.7 0.3 3.2 0.9
River clianmel 9.3 0.7 S8 0.5
Standing water 0.1 0.05 2.3 0.5

TaBLE 3.

River and Rio Grande. Colorado.

Colorado River

Larly Recent
Segmient ¥ SE T SE
Upper 23 0.6 0.2 0.1
Middle 24.0 42 19.6 23
Lower 78 3 T4 )
Lowest 9.3 1.3 S.2 1.8

about 7.5-9.3 hakim and declined at more
modest rates.

Fiftv-eight percent of the cottonmvoods along
the Colorado River were in the two vounger
matnrity classes (Fig. 2). The percentage of
voung trees ( din=dbl) declined almost 50%
(P < .01) diuring the 25-vear interval. Numbers
of large trees (7.6 dim) also declined dramati-
cally (P < .02),

Hectares  of similar
among all canopy-cover classes during the carly
sanpling intenval. by the
sample interval, open stands inereased 11%.
closed  stands
27% (P L05),

cottonwe )()(lﬂ were

However, recent
intermediate and
120 (P < 01) and 2
respectively (Fig, 2).

whereas
declined

Hav meadow. the most abundant vegetation
type dl()lj”’ the Colorado River, decline d 23.7%
during the swmnple interval (Table 2) with the
primany decrease ocenrring in the lower Seg-

T% ol the area

ment. Grassland occupie (l
during carhv-year supling l)llt increased 31%.
About 109 of the sampled arca was inagrienl-
tire during both suvevs, Deve loped I(m(l and
standing  water initiall\ bt

were ninor

Area occupicd/segment (¥ hakan) by cottonwoods from carly to recent sampling intervals along the

Rio Grande

Farly Recent
r X SE X SE P
NS 174 29 19.0 3.3 \S
NS 6.5 0.9 1.9 0.7 <05
\S 65.6 7.0 545 6.3 <.03
NS 0.9 0.6 3.1 1.4 <03
\S 0.1 0.1 135 5.3 <.03
-.01 0.7 0.2 1.0 0.3 NS
NS 6.2 0.4 3.9 0.3 <.01]
<.03 1.0 0.3 1.2 0.3 NS

Colorado

Rm Grande

Eark Recent
r X SE X SE P
02 147 1.2 154 23 \S
NS 29.9 3.0 32.2 B35 \S
NS 1.9 2.9 1.3 24 \S
NS
increased to 10% of the total.  Overall, river

channel changed little, but variance mnong seg-
ments was evident: the chanmel widened in the
two upstream segments and narrowed down-
strean.

Shrubs, primarily tamarisk, ocenpied 17—
15% of the sampled riverbottom and increased
slightlve primarily in the second  segment.
Sln ubs oce upied only 1.9-2.5 ho/km w 1thm the
npper segment, > 124 ha/km within the second
and thil(l segments, and 9.3 ha/km within the
lower segment.

Rio Grande

Cottonwoods were moderateh abimdant
within the npper segment of the Rio Grande.
inereasing 3.7 ha/km (24.99%). and were most
abimdant within the mi(l(llv segment where
thevinercased 2.3 hawkm (7.7 % Td])](*.') Fig. 1).
They were absent within several d()\\nstuam
slunplo vnits. and estimated loss was 0.7 havkm
(13.8%). Initially. cottonwoods ocenpied 17.1%
of the sampled arca, inereasing to 15.5% by the
second simvey (Table 2),

Sall trees (<1.5 din) represented 10.4% of
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Fig. 2. Larly to recent changes/sample in maturity class.
and canopy cover of cottonwoods along the lower Colorado
River, western Colorado.

the composition during both  samples and
increased 9.3% in oce upic darea (Fig. 7) Trees
of intermediate size (1.5—1.0 dm) declined (P =
A3) overthe 36.7-vearinterval, giving way to the
uext larger (£1-7.6 dm) maturity class that
increased 27.2% (P = 16) (Fig. 3). This latter
gronp dominated among nmtm]f\'
during both survevs. Large trees (57 Gdm) re p-
resented onlv ."(( ol t]w total (lmmtr botlr sur-
vevs and showed little evidence of inc reasing in
occupied area.

Open stands initially ocenpied 31% of the
timbered area and declined (P = .25) to 25%
(Fig. 3). In contrast, stands of intermediate clo-
sure increased (P =.02) from 33 to 4()’}. Closed
stands increased modestly (P = 49, 9%
senting 35% of the total during both survevs
(Fig. 3).

classes

l(l)“‘

[Ty meadows dominated among vegetation
types (Table 2). decreasing from 65 to 54% of
the sampled arca. Declines occurred primarily
within the two npper segments. lnili;ll])‘. arass-
land was minor, but it increased, primarily
within the upper segment. Only 2 of 20 samples
originally: contained cropland. bat the propor-
tion increased to 9 of 20 samiples (0.1 to 13.4%

Developed lfand and standing water were

minor components in both carlv and recent

AVERAGE HA/KM

[ESEEN

EARLY RECENT EARLY RECENT

CANOPY COVER

EARLY RECENT

N

Fig. 3. Early to recent changes/sample in matnrity class.
and CANOPY - cover of cottonwoods along the lower Rio
Grande. sonthern Colorado.

suneys. River channel  decreased (3679
throughout the study arca. Area occupied by
shimbs was minor and estimated loss was 23%
(Table 2.

DISCUSSTON

Comparison ol changes along the two rivers
leads to greatest concern for habitats along the
Colorado River. the much larger of the two
(Table 1). The 23-vear intenval along the Colo-
rado River was considerablv less than that lor
the Rio Grande, but 4 17.3% decline occurred
in arca occupied by trees. Development along
the river increased dramatic: allv and replaced
many stands of trees,

Lack ol natural reproduction and/or high
mortality ol young trees was indicate s by a 50%
reduction in stands ol voumg trees alome the
Colorado River. Reduction of stands dominated
by old trees. which provide priman habitat for
cavity nesting wildlife. was also evident. How-
Cver, ‘11)1(1 shilts toward more open stanls,
which indicated  excessive mortalitv within
stands. were more discouraging than changes in
matnrity structure. Thus, there swere tewer and
smaller stands and those remaining were more
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open and ()('(‘lll)i(‘(] l))‘ intermediate mutm‘it}‘
classes.

Losses of cottonwoods were especially dra-
matic (>90%) in the upper segment where
occurrence was initially low. F\pansmn of nrban
areas, highwa construction, and other deve lop-
ments were re 513()]1511)](’ for much of the riparian
habitat loss in a relatively narrow valley that
initially possessed limite d riparian habitat and
relative Iv rapid stream flows. Loss of trees to
heaver (Castor canadeusis) was noted and may
be important, especially in the upper segments,
since many stands of cottonwoods were con-
fined to streamsides by vallev relief.

Expansion of tamarisk was evident along
lower reaches of the Colorado River within a
broadened floodplain and slower stream flows.
Increasing expansion of tamarisk severely limits
opportunities for natural regeneration of cot-
tonwoods and willows. Russian olive (Elacagnus
angustifolia) also is pioneering along the Colo-
rado River. This species possesses a growth form
of intermediate height and, like tanums]\ nay
form monocultures (Knopf and Olson 1954).

Stream flows along the Colorado River have
not shown major declines in recent decades.
Large impoundments and high-clevation diver-
sions. primarily occinming during the Tast 50
vears, have altered and reduced peak flow
sequences on the Colorado and  Gunnison
rivers.

Extensive flooding occurred along the Colo-
rado River in l()SB-‘H resulting in (()llbld(’ able
natural reproduction of sovdlmgs. IHowever,
infrequent flooding is not likelv to offset the
impacts of stream flow regnlation. strewnside
developments, and imasions of exotic species.
Vegetation conditions and changes along the
Colorado River appear to be following the pat-
tern of disrupted recruitment of native riparian
pln( atn[)]l\(( S occuTing alonﬂ many western
rivers (Tlowe and Knopf 1991).

Incontrast to changes documentedalong the
Colorado River. riparian habitats along the Rio
Crandewere relatively stable during the s sample
imterval, with an increase in area m(npled bv
cottomvoods. However, several of the samp]r
units within the lower seament contained few or
no cottomwoods. Little evidence of seedling
establishiment  was  noted subsequent  to
increased stream tlows during 1983-S4. which
raises concern for future trends. Stream flows
averaged over 10-vear intervals since 1S90
showed little evidence of decline at Del Norte
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in the west central portion of the San Luis Valley

Ugland et al. 1954, Vol. 1). However, upstream
impoundments have reduced peak flows and
altered patterns with stabilized increased vol-
umes into late snmmer for irrigation. Flows
downstream at Alamosa (Fig. 1) averaged about
30% of those at Del Norte, and av erage flows
since 1930 have been about one-half of those
from 1913 to 1930. Reduction in channel width
was indicative of reduced and stabilized stream
flows. Streamsides were dominated by peren-
nial herbaceous vegetation, which pl(mdcs lim-
ited  opportunity  for  establishment  of
pioneering species such as cottonwoods and is
indicative of moderately stable and slow stream
flows through the relatively flat San Luis Vallev.
Increased farmland was the most pronounced
land-nse change along the Rio Grande. whereas
little development occurred.

Shrabs (primarily willows) have not been
major components ;11()ng the Rio Grande in
recent decades. Severe coldwinters, due to high
clevations (Table 1), may prevent invasions of
tamarisk, which has developed as a streamside
monoculture at lower elevations elsewhere
along riparian systems in the Southwest. Rus-
sian olive was not vet in\';lding the inventoried
Rio Grande riverbottom.

Similar inventories of riparian vedetation
changes and status were conducted along the
South Platte and Arkansas rivers in the High
Plains of eastern Colorado (Snvder and Miller
1991). Deterioration of habitat ul()ng the Arkan-
sas River was much greater than along western
rivers in Colorado. However, conditions along
the Colorado River seemed to be d('t('ri()mtilw
more rapidly than along the South Platte River.
There was also much less riparian habitat along
western rivers, making that which remained of
greater  importance.  Sampling  of  changes
l)( tween two pomts in tlme mav not <r1\ e an
accurate assessment  of I(m(f-tmm tre n(ls A
third inventony of these same sample mits is
recommended in the near future.
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